We design and conduct a stated-preference survey to estimate willingness to pay (WTP) to reduce foodborne risk of acute illness and to test whether WTP is proportional to the corresponding gain in expected quality-adjusted life years (QALYs). If QALYs measure utility for health, then economic theory requires WTP to be nearly proportional to changes in both health quality and duration of illness and WTP could be estimated by multiplying the expected change in QALYs by an appropriate monetary value. WTP is elicited using doublebounded, dichotomous-choice questions in which respondents (randomly selected from the U.S. general adult population, n = 2,858) decide whether to purchase a more expensive food to reduce the risk of foodborne illness. Health risks vary by baseline probability of illness, reduction in probability, duration and severity of illness, and conditional probability of mortality. The expected gain in QALYs is calculated using respondent-assessed decrements in health-related quality of life if ill combined with the duration of illness and reduction in probability specified in the survey. We find sharply diminishing marginal WTP for severity and duration of illness prevented. Our results suggest that individuals do not have a constant rate of WTP per QALY, which implies that WTP cannot be accurately estimated by multiplying the change in QALYs by an appropriate monetary value.
INTRODUCTION
Willingness to pay (WTP) and quality-adjusted life years (QALYs) are alternative and commonly used methods of valuing health risk but there is little research on the empirical relationship between them. This relationship has important implications for the role of cost-effectiveness analysis in evaluating policies that affect health and safety and for the use of QALY measures as an input to estimate WTP in benefit-cost analysis.
Cost-effectiveness analysis (CEA), which evaluates interventions by the cost per expected QALY gained, is consistent with economic-welfare theory and benefit-cost analysis (BCA) only if QALYs are a valid measure of utility and WTP per QALY gained is constant in the population. (1−3) In the United States, federal agencies proposing regulations that primarily affect health and safety are required to supplement the required BCA with a CEA. (4) If BCA and CEA are consistent, then presenting both analyses provides no additional information but simply offers alternative methods of framing the same information. If the two approaches are inconsistent, then it is not clear how decisionmakers are supposed to make use of the alternative perspectives.
Understanding the empirical relationship between WTP and QALY measures of health risk is also of interest because it may provide a basis for estimating WTP for use in BCA when no direct measures are available. There are few credible estimates of WTP to reduce morbidity endpoints and the number and diversity of such endpoints that are relevant to environmental, health, and safety regulation is so large that direct estimation of all the relevant values is infeasible. In standard analyses, the absence of good estimates often leads to the substitution of costof-illness values (e.g., for hospital admissions related to nonfatal effects of air pollution (5) ) or values of unrelated endpoints (e.g., an estimate of WTP to reduce risk of chronic bronchitis was used as a proxy for WTP to reduce risk of nonfatal bladder and lung cancers from arsenic (6) and of nonfatal bladder cancers from disinfection byproducts in drinking water (7) ). QALYs are calculated by weighting the period of time spent in each health state by the associated "health-related quality of life" (HRQL). Direct estimates of HRQL for many health states are available in the literature 4 and such estimates can be relatively easily generated using generic health utility classification systems (e.g., Health Utilities Index, (8) EQ-5D (9) ). For example, Hubbell (10) quantified the expected gain in QALYs due to regulations to control fine particulate air pollution by combining direct estimates of HRQL from the literature with estimated duration of effects and Miller et al. (11) estimated QALY values of the health benefits of environmental, food-safety, and transportation-safety rules by estimating HRQL associated with relevant health states using several generic health utility classification systems.
If the relationship between expected gain in QALYs and WTP to reduce health risk were known, it would be straightforward to estimate WTP from the calculated gain in QALYs for each health effect. The most common approach is to assume that WTP per QALY is constant. French and Mauskopf (12) and Tolley et al. (13) use this approach to estimate monetary values of alleviating a wide range of health conditions. For example, Tolley et al. (13) estimate WTP to alleviate a day of earache as the loss in HRQL (0.16) times an assumed value of a statistical life-year ($120,000) divided by the number of days in a year, yielding $55. The U.S. Food and Drug Administration and National Highway Traffic Safety Administration often use the same approach to value morbidity risks. (14) Similarly, scholarly attempts to quantify the value of historical gains in population health and longevity have assumed that economic value is proportional to QALYs (15) or at least to the components of QALYs: (discounted) life years (16) and a measure of health. (17) Recognizing that WTP may not be proportional to expected QALYs gained, meta-analyses have been conducted to estimate a potentially nonlinear relationship between WTP and QALYs. (18, 19) While it is clear that individual WTP per QALY varies with wealth, we consider the more fundamental question of whether an individual's WTP for a reduction in health risk is proportional to the expected gain in QALYs, restricting our attention to short-term illness. We design and conduct a statedpreference survey to estimate WTP for a reduction in the risk of acute illness and to test whether it is proportional to the change in expected health and duration of illness, and hence proportional to the expected change in QALYs. The survey was administered over the Internet and completed by 3,902 randomly-selected adults in the United States. We reject the hypotheses that WTP is proportional to the loss of health-related quality of life (HRQL) and duration of illness and find that respondents exhibit diminishing marginal WTP for changes in both attributes. Our results suggest that WTP per QALY is not constant but depends on the expected gain in QALYs, and hence estimates of the value of health that assume a constant value per life year or QALY are invalid. We also find that the elasticity of WTP with respect to health (measured by gain in HRQL) differs from the elasticity of WTP with respect to duration of illness averted, which suggests that WTP per expected QALY gained differs between large but short-duration and small but long-duration gains in health. Hence, although WTP per QALY is not constant, it may be possible to estimate WTP as a function of the two dimensions (health quality and duration) separately.
In the following section we present the theoretical and empirical background for the study, review the literature on the value of reducing morbidity risk focusing on studies that are relevant to QALY measures of health, discuss the implications of economic theory for WTP per QALY, and develop an empirical model to test for proportionality. We describe the survey instrument and sample in Section 3. In Section 4, we report the results of regression models relating WTP to reduce risk of acute illness to the severity and duration of the illness, reduction in its probability, other risk attributes, and to demographic and preference characteristics of the respondents. We conclude in Section 5.
BACKGROUND
In this section, we describe prior estimates of WTP per QALY, the implications of economic theory for the relationship between WTP and expected QALYs gained, and the empirical model we use to investigate this relationship.
Prior Work
Several studies have begun to explore the relationship between WTP and QALYs. (20−22) Tolley et al. (13) observe that directly elicited WTP is less than proportional to duration of improved health. It is unclear if this finding reflects insensitivity of the contingent valuation (CV) method to the scope of the good being valued or genuine preferences.
Jones-Lee et al. (23) elicit WTP to reduce the probabilities of traffic-related fatal and nonfatal injuries of varying severity and elicit probabilities of fatality for a standard gamble between fatality and complete recovery that respondents view as indifferent to each of the nonfatal injuries. They find that the ratio of WTP to prevent injury to WTP to prevent fatality is much larger than the standard gamble probability for the corresponding injury. They suggest this finding represents insensitivity of the WTP values to injury severity, although nonproportionality between WTP and HRQL is an alternative explanation.
In a meta-analysis of five health-related CV studies, Johnson et al. (18) examine WTP to avoid morbidity associated with 53 short-term health conditions. The authors assign an estimate of HRQL to each health condition using the Quality of Well Being Scale (QWB) (24) and estimate a generalized value function that assigns a monetary value to avoiding any short-term health condition that can be assigned a QWB score. The results show that WTP increases with both severity and duration of the illness avoided, although WTP is relatively insensitive to health quality for mild illnesses. Johnson et al. find evidence of increasing marginal WTP with severity and decreasing marginal WTP with duration of illness avoided. However, because rating-scale-based estimates of HRQL (such as the QWB) tend to exhibit an increasing convex relationship to standardgamble and time-tradeoff estimates this result does not preclude a linear relationship between WTP and other measures of HRQL.
Van Houtven et al. (19) expand the Johnson et al. (18) meta-analysis. They also find that WTP increases more than proportionally with severity and less than proportionally with duration of illness averted. In addition, the authors find that avoiding losses of mobility and physical activity have statistically significant positive effects on WTP, while avoidance of other symptoms and limitations in social activity has smaller, insignificant effects on WTP.
Johnson et al. (25) apply discrete-choice modeling to estimate WTP to reduce the risk of suffering acute episodes of respiratory and cardiovascular illness. They find that WTP increases less than proportionally with duration of illness averted. Gyrd-Hansen (26) uses a similar technique to estimate WTP for improvements in chronic health in a random sample of the Danish population, using the EQ-5D (9) rather than the QWB to measure health. Both studies find evidence of variation in WTP for different attributes of health. In addition, Gyrd-Hansen's results suggest that WTP to improve health is not proportional to the EQ-5D score.
Hammitt (27) describes the set of utility functions for health, longevity, and wealth that are consistent with the assumptions that: (1) preferences for health and longevity, conditional on wealth, are consistent with QALYs; and (2) the HRQL for each health state is independent of wealth as (implicitly) assumed in the QALY literature. He finds that these conditions imply that marginal WTP per QALY is a decreasing function of future health and longevity. Hence, the assumption of constant WTP per QALY appears inconsistent with economic theory.
In summary, previous studies have found that marginal WTP to prevent an illness decreases with the duration of the illness avoided (13, 18, 19, 25) but may increase with severity. (18, 19) 
Theory and Empirical Model
WTP and QALYs are alternative methods of valuing reductions in health risk. WTP is defined as the compensating variation, i.e., the maximum amount of money an individual would exchange for the specified reduction in health risk. A closely related measure, willingness to accept (WTA), is defined as the equivalent variation, i.e., the minimum amount of money an individual would accept to forgo the reduction in health risk. For small changes in risk, WTP and WTA should be nearly equal. Differences can arise for large changes in risk or when the risk change has no close substitutes. (28) QALYs are an alternative measure of individual utility for health that imposes additional structure on preferences. If an individual's preferences for health are consistent with QALYs they must satisfy several conditions including mutual utility independence of health and longevity, constant proportional tradeoff of longevity for health, and risk neutrality for longevity, (29) or alternatively risk neutrality with respect to longevity for all health states and indifference to health quality for periods of zero duration. (30) In addition, preferences for tradeoffs between health and longevity are invariably assumed to be independent of income. (3, 27) Standard economic theory places few constraints on how WTP varies with the probability of suffering a health loss, except that WTP should increase with the severity of the potential health loss and WTP should be nearly proportional to the change in probability for small changes. (31, 32) Consider an individual facing a probability r 0 of suffering an acute illness. Her current HRQL is h 0 ; if she becomes ill, it will fall to h 1 < h 0 for the duration of the illness and then recover to h 0 . She is offered the opportunity to reduce the chance of falling ill to r 1 < r 0 . If her WTP to reduce the risk of illness is proportional to the gain in expected QALYs, then her WTP v for this risk reduction is given by:
where r = r 0 − r 1 is the reduction in probability of illness, h = h 0 − h 1 is the decrement in HRQL while ill, t is the duration of the illness, and m is her rate of substitution between QALYs and income. Note that the product ht is the quantity of QALYs lost to illness. We test for proportionality of WTP to the expected change in QALYs and to each of the factors comprising it by embedding Equation (1) in a more general regression model that allows for nonproportionality of WTP to the risk reduction, decrement in HRQL, and duration of illness. We estimate the following generalization of the logarithm of Equation (1):
where the rate of substitution between QALYs and income, m, is represented as a linear function of a vector X of characteristics of the respondent and health risk (including a constant). The scalars δ, α, and β and the vector θ are coefficients and ε is a mean-zero error term. Proportionality of WTP to the change in expected QALYs requires α = β = δ = 1. If α is significantly different from 1 we reject the hypothesis of proportionality of WTP to HRQL. A value of α < 1 indicates diminishing marginal WTP to prevent an HRQL decrement and α > 1 indicates increasing marginal WTP for the averted health decrement. Similarly, if β is significantly different from 1 we reject the assumption of a linear relationship between WTP and duration of illness. If β < 1 WTP is less than proportional to duration of illness averted and β > 1 implies that WTP increases more than proportionally with duration. The QALY formulation evaluates changes in health as the product ht and hence requires α = β = 1.
If WTP is proportional to the change in probability of illness, δ = 1. For small changes in risk, near proportionality of WTP to probability of harm is implied by expected utility theory and most alternative theories of decision making under uncertainty (e.g., cumulative prospect theory (33) ) except when there is a discontinuity in the probability-weighting function for the relevant probabilities. (31, 32) For large changes in risk, WTP should be less than proportional to risk reduction because of the income or "high-payment" effect (34) that reduces marginal WTP for successive risk increments. The magnitude of this effect depends on the income elasticity of marginal WTP per QALY and the total WTP for the change in health risk relative to income; e.g., if income elasticity is 1.0 and total WTP is 10% of income, then WTP for the risk reduction is greater than 90% of the value calculated using marginal WTP for an infinitesimal risk reduction. Marginal WTP could also decrease for large risk reductions because of an analog of the "deadanyway" effect (34) if the marginal utility of income is smaller when sick than when well. For the short-term illnesses considered here, this effect should be negligible because the opportunity to shift consumption from the period of illness to periods of health implies the expected opportunity cost of spending to reduce health risk is not substantially affected by short-term illness.
Despite the theoretical prediction, nearly all stated-preference studies of WTP for reductions in health risk that test for it find a less-thanproportional relationship between WTP and risk reduction. (35) This result suggests inadequate sensitivity to scope, perhaps due to difficulties in communicating the magnitude of risk reduction to survey respondents or to respondents valuing the risk reduction formed by combining their prior estimates of the risk reduction with the value stated in the survey through a Bayesian updating process. (35−37) Sensitivity to risk reduction may be influenced by respondents' cognitive ability (38) and prior experience with the hazard. (39) Inadequate sensitivity to risk reduction would be reflected in an estimated value of δ < 1. Conversely, an estimated value of δ > 1 would imply excessive sensitivity to risk reduction that might occur if the risk is reduced to a nonzero level that respondents treat as equivalent to zero (as suggested by prospect theory (40) ).
SURVEY AND SAMPLE
We design and conduct a stated-preference survey to elicit values for reductions in health risks that vary in the baseline probability of illness, reduction in probability, severity and duration of symptoms, and conditional probability of mortality. This section describes the survey instrument and sample.
Survey Instrument
The survey includes a dichotomous-choice experiment in which respondents decide whether to purchase a safer but more expensive food for preparation and consumption at home. The survey instrument is organized as follows. First, respondents are asked about their experience with foodborne illness and their perception of how common it is compared with other health and safety risks.
Second, respondents assess their current health using two alternative measures: a visual analog scale (VAS) and the Health Utilities Index Mark 3 (HUI). The VAS is a numbered line with endpoints of 0 and 100 labeled "equivalent to dead" and "perfect health," respectively. It is a standard measure of HRQL that has proven easy for respondents to answer. Although it does not explicitly assess a tradeoff of health for duration or risk of illness from which a cardinal measure of health quality can be derived, empirical evidence suggests a strong correlation between responses to VAS and alternative measures. The HUI is a generic, preference-based, multiattribute health-status classification system and index that is widely used as a measure of HRQL in clinical studies, population-health surveys, and economic evaluation. (8) It classifies health according to the degree of function on eight dimensions: vision, hearing, speech, ambulation, dexterity, emotion, cognition, and pain. For each dimension, there are five or six levels that range from complete function to severe impairment. After the respondent evaluates how the illness would affect his functioning on each of these dimensions, the HRQL is calculated using a scoring function derived from prior calibration surveys in which respondents explicitly value HUI-described health states relative to a standard gamble between survival in perfect health and immediate death. In contrast to the VAS, the HUI is based on this cardinal standard-gamble measure but assumes the functional relationship between impairment on each of the attributes and HRQL is common among individuals. We include alternative measures of HRQL in order to test for sensitivity of our results to the measure used.
Third, respondents complete a tutorial designed to help them practice making tradeoffs between the price and safety of food. The tutorial also familiarizes respondents with a visual aid that communicates the probability of illness. (32) The visual aid contains red and white areas that represent 10,000 meals, where the fraction of the area that is colored red equals the probability of illness per meal.
Fourth, respondents are asked to consider buying food for a meal, to be prepared and eaten at home, that only they will eat. Respondents are asked whether they eat a type of food randomly selected from the set {chicken, ground beef, packaged deli meat}. If they do not eat the selected food, respondents are asked about another randomly-selected food from this set. After answering questions about how often they eat the food and what quantity they typically eat, respondents are presented with a description of the symptoms of foodborne illness associated with the food and are asked to imagine that they experience those symptoms. Respondents assess their health conditional on suffering the described illness using both the VAS and the HUI. By asking respondents to assess their health while ill immediately before the valuation questions, we hope to focus their attention on the symptoms and severity of the illness.
Respondents are then told their baseline probability of illness (either 2 in 10,000 or 4 in 10,000 per meal) and informed that they could reduce their risk to 1 in 10,000 per meal by purchasing a safer but more expensive brand of food. The baseline probability of illness and reduction in probability are communicated using the visual aid described above. The risk reduction is described as produced by a stringent safety program established and monitored by the U.S. government that does not use chemicals or irradiation (some respondents might believe that chemicals or radiation would create health risks). WTP to reduce the probability of illness is elicited using double-bounded, dichotomous-choice questions. Each respondent is asked if he would purchase the safer food if the extra cost per meal were a randomly selected amount from the set {$0.04, $0.10, $0.20, $0.50, $1, $2, and $4}. 5 The survey was administered in several waves and the initial bids were adjusted between waves to adequately capture the distribution of WTP. There is one follow-up question in which the bid is equal to twice the initial bid if the respondent is willing to pay the initial amount and equal to half the initial bid otherwise. A sample question is included in the Appendix.
After the valuation questions, respondents answer follow-up questions about their food-handling practices, acceptance of the hypothetical scenario, and relevant personal characteristics. To investigate whether WTP to reduce health risk varies with financial risk aversion, (41) respondents are asked about their preferences with respect to income risks. They complete two dichotomous-choice questions that measure preferences for gambles on lifetime income based on questions from the Health and Retirement Study. (42) The first asks whether the respondent would prefer a job paying her current income for life or a 50-50 gamble between two jobs offering to double lifetime income or reduce it by one-third. A follow-up question is identical in form but alters the salary of the unfavorable job in the gamble to reduce income by one-half or one-fifth depending on whether the respondent accepted or rejected the initial gamble, respectively. The two questions can be used to classify respondents into four categories ordered by relative risk aversion.
Each respondent is asked to value two healthrisk reductions that vary in baseline probability of illness, reduction in probability, severity and duration of symptoms, conditional probability of mortality, and type of food affected. Table I shows the risk attributes, which are based on the incidence, range of symptoms, and duration of foodborne illness in the United States. Risk attributes are randomly assigned using a full factorial design so that each of the 162 (= 2 · 3 4 ) possible combinations is asked of some respondents. Respondents who live in a household with at least one child between the ages of 2 and 18 are asked about reducing one risk to their own health 5 All monetary values associated with the survey and results are in 2004 dollars. and one risk to the health of a randomly-selected child in their household (in random order). Other respondents are asked about reducing two risks to their own health. Respondents are not presented with the same food twice. We include two survey frames that describe risk and WTP per meal and per month. Respondents are randomly assigned to complete either the version described above, in which risks and costs are expressed per meal, or a version in which risks and costs are expressed per month. In the per-month version, both the risk and the bids are selected from the corresponding per-meal version and converted to monthly values using the respondent's self-reported frequency of consumption (assuming risk is independent across meals). If WTP is proportional to the risk of illness (holding severity and duration constant), estimated WTP will be identical using the per-meal and per-month framings.
Sample
The survey was fielded to 6,368 randomlyselected adults in the United States. Respondents are members of a demographically representative panel maintained by Knowledge Networks. Households are recruited to the panel using random digital dialing and provided free Internet access and hardware as a participation incentive. In total, 3,902 interviews were completed in several waves between August and October 2004 yielding a response rate of 61%. We report only results based on risks to the respondent's own health (for risks to children, see Ref. 43 ). For respondents who were asked about reducing risk to a child we include the response to the question about a risk to the respondent if it was the first valuation question but exclude it for the 588 respondents who are asked about reducing risk to a child's health before risk to their own health to protect against order effects. We also exclude 85 respondents who do not eat any of the three foods, 25 respondents who declined to answer the WTP questions, and 346 respondents who did not complete the HUI questions or who answered them inconsistently (by rating health in the event of sickness as better than current health). A total of 2,858 respondents and 4,851 risk reductions are included in the analysis.
RESULTS
This section reports on respondent characteristics, estimated HRQL associated with current health and the illness presented in the survey, and how estimated WTP depends on attributes of the health risk, respondent characteristics, and other factors.
Respondent Characteristics
Table II lists the variables used for analysis with the means, standard deviations, and ranges for the sample of 2,858 respondents. Mean age is 46 years with a range of 18-96 years. Forty-eight percent of respondents are male. Seventy-four percent identify themselves as non-Hispanic white, 12% as Hispanic, 10% as non-Hispanic black, and 3.8% as none of these categories. Fifty-two percent of respondents are married and the mean household size is 2.4 persons. Mean annual household income is about $48,100. Twenty-six percent of respondents have a college degree. Thirty-nine percent report having contracted foodborne illness. On average, respondents estimate that 32% of the U.S. population contracts foodborne illness each year, a figure that is roughly compatible with an official estimate of 76 million cases per year (44) and suggests that respondents do not misperceive this risk.
Respondents are significantly more likely to eat chicken and ground beef than packaged deli meat, which results in 40% of respondents answering their first question about chicken, 34% about ground beef, and 25% about packaged deli meat. On average, respondents report eating the food about which they are questioned (prepared at home) 5.7 times per month. There is some variation by food type: conditional on eating the specific food, respondents report eating chicken cooked at home 6.7 times per month, hamburger cooked at home 3.2 times per month, and packaged deli meats prepared at home 7.2 times per month. These rates appear consistent with national data. Including food eaten away from home, the 2003-2004 National Health and Nutrition Examination Survey (NHANES) reports total monthly consumption frequencies of chicken (9.9), hamburger In follow-up questions related to food preparation, 55% of respondents indicate that they are responsible for preparing the food in their households most or all of the time, 62% report they consistently wash their hands while preparing the food, and 67% report taking one or more recommended steps to ensure that the food is fully cooked or otherwise safe to eat. In follow-up questions relating to acceptance of the hypothetical scenario, 47, 40, and 13% of respondents perceive their risk of foodborne illness to be similar to, smaller than, and larger than that presented in the survey, respectively. Eighty-four percent of respondents express at least some confidence that the safety system does not use chemicals or irradiation (as stated in the survey) and 4 and 6% believe the government and private sector are not at all effective in ensuring food safety, respectively.
The two questions concerning gambles on lifetime income can be used to classify respondents into four categories ordered by relative aversion toward financial risk. Fifty-six percent of respondents are in our most risk-averse class (group I) and reject both the first and second gambles, 16% reject the first but accept the second gamble (group II), 14% accept the first but reject the second gamble (group III), and 15% accept both gambles and are in the least riskaverse class (group IV). Table III reports the means and standard deviations of the HUI and VAS scores that respondents assign to current health and to the illness with which they are presented along with the symptom descriptions presented in the survey. The results show general agreement between the two measures of health. Mean HUI score for current health is 0.801 with a range of −0.195 to 1. Mean VAS score for current health is 0.756 with a range of 0.050 to 1. Both HUI and VAS scores decrease with the severity of the illness presented. Mean HUI scores for "mild," "moderate," and "severe" symptom descriptions are 0.506, 0.258, and 0.116, respectively. The corresponding mean VAS scores are 0.575, 0.465, and 0.420, respectively. Consistent with other comparisons of ratingscale and standard-gamble estimates, (45, 46) the VAS scores tend to cluster in the middle of the scale while the standard-gamble-based HUI scores are spread across a wider range. Comparisons between the VAS You will have an upset stomach and will feel tired, but these symptoms will not prevent you from going to work or from doing most of your regular activities.
Health-Related Quality of Life
0.506 0.269 0.575 0.207
Moderate symptoms You will have an upset stomach, fever, and will need to lie down most of the time. You will be tired and will not feel like eating or drinking much. Occasionally, you will have painful cramps in your stomach. In addition, you will have some diarrhea and will need to stay close to a bathroom. While you are sick, you will not be able to go to work or do most of your regular activities.
0.258 0.305 0.465 0.227
Severe symptoms You will have to be admitted to a hospital. You will have painful cramps in your stomach, fever, and will need to spend most of your time lying in bed. You will need to vomit and will have severe diarrhea that will leave you seriously dehydrated. Because you will be unable to eat or drink much, you will need to have intravenous tubes put in your arm to provide nourishment. and HUI scores should recognize that possible scores for the VAS range between 0 and 1 while possible scores for the HUI range between −0.359 and 1.
Effects of Risk Attributes on WTP
WTP is modeled as a function of the severity and duration of illness, reduction in its probability, other risk attributes, and respondent characteristics (Equation (2)). Because we elicited WTP using double-bounded dichotomous-choice questions, (47) the dependent variable is interval-censored. We tested alternative assumptions about the distribution of WTP by estimating models assuming exponential, gamma, logistic, log-logistic, normal, lognormal, and Weibull distributions. Lognormal, log-logistic, and gamma distributions yielded similar maximized likelihood values and were superior to the other distributions. We selected the lognormal distribution for ease of interpretation given the logarithmic form of our theoretical model (Equation (2)) and estimated it using maximum-likelihood methods. (48) Table IV reports results based on pooling respondents who received either the version of the survey that expressed risks and costs per meal or the version that expressed risks and costs per month as well as separate results for each subsample.
To examine how WTP depends on health risk, we estimate a regression model that includes only variables for the reduction in the probability of illness, the decrement in HRQL associated with illness (as measured by the HUI), the duration of illness, and the conditional mortality risk (models 1, 3, 5). We include a binary variable indicating whether risks and costs are expressed per meal or per month for the pooled sample (model 1). Results of the pooled and subsample models are similar and we focus discussion on the pooled-sample results.
Model 1 confirms that WTP increases with the severity and duration of the illness to be prevented. We reject the hypotheses that WTP is insensitive to the HRQL decrement (p < 0.001) and to the duration of illness (p = 0.021). However, the estimated value of the coefficient (α) for the loss in HRQL is significantly smaller than 1, which allows us to reject the hypothesis that WTP is proportional to the change in HRQL (p < 0.001). Similarly, the estimated coefficient (β) for the duration of illness is significantly smaller than 1, which allows us to reject the hypothesis that WTP is proportional to the duration of illness (p < 0.001). Taken together, the estimated coefficients for the loss in HRQL and duration of illness suggest diminishing marginal WTP for severity and duration of the illness to be prevented; hence WTP to reduce the risk of illness varies less than proportionally to the QALYs at stake. The estimated elasticities of WTP with respect to severity and duration are approximately 0.2 and 0.1, respectively. As described in Section 2.1, previous studies found that marginal WTP decreases with the duration but may increase with the severity of the illness to be prevented. (18, 19) Note: Standard errors are in parentheses. * * * , * * , and * denote statistical significance at 1, 5, and 10%, respectively, based on likelihood-ratio tests. Sigma = residual standard deviation of log(WTP).
The estimated coefficient for risk reduction (δ) is significantly different from both 0 and 1, which allows us to reject the hypothesis that WTP is insensitive to the change in probability and also that WTP is proportional to the risk change (p < 0.001). These results are consistent with most previous studies that use stated-preference methods to estimate the value of reducing health risk. (35) In contrast, single-bounded models estimated using only the response to the initial bid suggest that estimated WTP is nearly proportional to the probability reduction (see Section 4.4 below). Hammitt and Haninger (49) find nearly exact proportionality of WTP to change in probability of fatal disease or accident using the same visual aids for probability changes of 1 and 2 per 10,000 per year.
The estimated less-than-proportional relationships between WTP and both the severity and duration of illness (and hence to the QALYs at risk) might be explained by inadequate sensitivity of the stated-preference method to differences in these attributes rather than to diminishing marginal WTP. This explanation is not compelling, however, since we find that respondents are more sensitive to the change in probability of illness than to the severity and duration of illness (in every model, the estimated elasticity for risk reduction is substantially larger than the estimated elasticities for HRQL decrement and duration). While it is likely that well-known difficulties in understanding small probabilities (50, 51) contribute to the less-than-proportional relationship between estimated WTP and reduction in probability of illness, (32, 35) it is implausible that respondents are more cognizant of small differences in probability than of differences in duration (of one, three, and seven days) and severity (which varies from illness that does not significantly interfere with daily activities to illness requiring hospitalization).
The estimated coefficients of the conditionalmortality-risk variables are small with large standard errors and are statistically insignificant in all six models reported in Table IV . Though estimated imprecisely (perhaps because the absolute mortality risks are tiny, ranging from 1 to 30 in 100 million), the values are not incompatible with conventional estimates of the value per statistical life or VSL (e.g., $4 million to $9 million, (52) $1.5 million to $2.5 million,
$1.5 million to $4.8 million (54) ). The largest point estimates (model 5) correspond to $0.10 and $0.23 per meal and imply VSL of $2.7 million and $66 million for the 1 in 1,000 and 1 in 10,000 conditional mortality risks, respectively (estimated using predicted median WTP at sample mean).
We find a significant difference in valuation depending on whether the risk and payment are described using a per-meal or per-month frame. Estimated WTP per unit risk reduction is estimated to be three times larger (p < 0.001) using the monthly frame. This suggests that multiplying the risk and the bid by the respondent's self-reported monthly consumption frequency increases the salience of the risk more than the salience of the cost, the opposite of the effect we had anticipated.
Effects of Respondent Characteristics and
Other Factors on WTP Models 2, 4, and 6 add respondent characteristics, other risk attributes, responses to follow-up questions, and interaction terms to the primary variables included in models 1, 3, and 5. The addition of these variables has little effect on the estimated coefficients of the health-risk attributes, which is expected given that these attributes were randomized across respondents. Estimates using the pooled sample and subsamples are similar (except as noted below) and we focus discussion on the pooled sample (model 2).
Estimated WTP to reduce the risk of illness is significantly associated with respondent characteristics. Estimated WTP increases with age at a rate of 1.1% per year. Males are estimated to value risk reduction 25% less than females. Non-Hispanic blacks and Hispanics are estimated to value risk reduction about 2.4 and 2.0 times more, respectively, than nonHispanic whites. Estimated WTP varies with marital status and household size but the results depend on whether risks and costs are expressed per meal or per month.
Respondents with a college degree are estimated to be willing to pay 23% less than respondents with less education, perhaps reflecting a better understanding of the small risk reduction. The estimated coefficient for household income is small, positive, and not significantly different from zero (p = 0.270), possibly reflecting the low price of the risk reduction. Consistent with this hypothesis, the estimated coefficient for household income is larger and marginally significant (p = 0.054) when risks and costs are expressed per month (model 6).
Estimated WTP to reduce the risk of illness is significantly associated with perceived risk and prior experience with foodborne illness. Respondents who perceive higher prevalence of foodborne illness in the United States are estimated to value the risk reduction more than respondents who perceive lower prevalence with estimated WTP increasing at a rate of 1.0% per percentage-point increase in perceived prevalence. Respondents who perceive their risk of foodborne illness to be higher or lower than that presented in the survey are estimated to value the risk reduction 47% more and 27% less, respectively, than respondents who perceive their risk to be similar to the stated magnitude. Respondents who report having contracted foodborne illness are estimated to value the risk reduction 17% less than other respondents although this effect is observed only when risks and costs are expressed per meal.
Estimated WTP to reduce the risk of illness is also significantly associated with acceptance of the hypothetical scenario. Respondents who are not confident that the safety system does not use chemicals or radiation (as stated in the survey) are estimated to value the risk reduction 60% less than respondents who express at least some confidence. Respondents who believe that the government and private sector are not at all effective in ensuring food safety are estimated to value the risk reduction 43% less and 69% more, respectively, than respondents who hold more favorable views. These results suggest that respondents are willing to pay more for the safety intervention when they believe that government regulation of the private sector is effective or necessary.
The type of food presenting the risk and the frequency of consumption are significantly associated with estimated WTP. Estimated WTP per unit risk reduction decreases with the monthly frequency of consumption at a rate of 1.5% per additional meal. Respondents value reducing risk associated with chicken more than they value risks associated with ground beef and packaged deli meat, though the estimated effects depend on question order.
Estimated WTP also varies with protective behaviors related to food preparation. Respondents who have more responsibility for food preparation in their household are estimated to value the risk reduction less than others, perhaps because they perceive the risk as more controllable. Respondents who consistently wash their hands when preparing the selected food are estimated to value the risk reduction 53% more than others.
While it is often claimed that individuals who are "more risk averse" will have higher WTP to avoid health risk, there is no general theoretical relationship between aversion to financial risk and WTP to reduce health risk. (41) Empirically, we find a nonmonotonic relation. WTP is largest for the most riskaverse respondents (group I) but increases as risk aversion decreases among the other three categories. Compared with group I respondents, group II respondents are estimated to value the health risk reduction 35% less (p < 0.001), group III respondents value the health risk reduction 18% less (p = 0.059), and the least risk-averse respondents (group IV) value the health risk reduction 12% less (p = 0.212). Results for the subsample for whom risk and WTP were expressed per month differ slightly.
Sensitivity Analysis
We examine the sensitivity of our results to several factors including question order, biases associated with double-bounded valuation questions, endogeneity of the estimated severity of illness, alternative measures of HRQL, respondents' numeracy, time to complete the survey, and omitted respondent characteristics.
To test for effects of question order, we estimate model 7 using only responses to the first risk reduction and model 8 using only responses to the second risk reduction. The results are shown in Table V . The estimated coefficients have the same signs and similar magnitudes in both models suggesting that question order has little effect on our results. Because these models are estimated using only one valuation question per respondent, effects are identified using only between-respondent comparisons. Hence the tests of sensitivity of WTP to magnitude of risk reduction are external (between respondent) and not influenced by any tendency of respondents to try to make their responses to a second valuation question consistent with their response to the first.
A concern when using double-bounded, dichotomous-choice valuation questions is that the initial bid may influence responses to the followup question yielding biased estimates of WTP. (55) To investigate the magnitude of any follow-up effect we estimate the six regression models in Table IV using only the (single-bounded) response to the initial bid. We report the first of these models as model 9 in Table V . The single-and double-bounded estimates are similar with one important exception. The estimated coefficient for risk reduction is substantially larger in the single-bounded models, suggesting that estimated WTP may be proportional to the change in probability of illness. Using single-bounded estimates, we reject the hypothesis that WTP is insensitive to risk reduction but cannot reject or can only marginally reject the hypothesis that WTP is proportional to the risk reduction in three of the six regression models (single-bounded estimates of models 3, 4, and 6).
The loss in HRQL is defined by the difference between a respondent's estimates of HRQL in current health and if suffering from the symptoms described in the survey instrument. If respondents who perceive the symptoms to be worse report smaller HRQL and larger WTP to reduce the risk of illness, the estimated coefficient on loss in HRQL may be biased downward, causing us to erroneously reject the hypothesis that WTP is proportional to illness severity. To test for this bias, we estimate model 10, which is identical to model 1 (Table IV) except the respondent's loss in HRQL is calculated as the difference between her HUI score for current health and the effectively exogenous sample mean HUI score for the symptom description (for the subsample of respondents who evaluated those symptoms). The estimated coefficient for the loss in HRQL in model 10 (0.344) is larger than the estimated coefficient in model 1 (0.197), which suggests some downward bias in model 1 due to endogeneity of the HRQL loss. Nevertheless, we continue to reject the hypothesis that WTP is proportional to change in HRQL (p < 0.001).
Estimates of HRQL using alternative instruments exhibit systematic variation. (45) To test the dependence of our conclusions on the measure used, we estimate model 11, which is identical to model 1 (Table IV) but substitutes a variable for HRQL loss derived using the VAS rather than the HUI. An advantage of the VAS is that it is respondent-specific; in contrast, the HUI is calculated using an exogenous scoring function that is common across respondents. Note: Standard errors are in parentheses. * * * , * * , and * denote statistical significance at 1, 5, and 10%, respectively, based on likelihood-ratio tests. Sigma = residual standard deviation of log(WTP).
The estimated coefficient for the loss in VAS score in model 11 (0.140) is somewhat smaller than the estimated coefficient for the loss in HUI score in model 1 (0.197), although in both cases we reject the hypothesis that WTP is proportional to change in HRQL (p < 0.001).
Because of concern that respondents could have difficulty understanding the small probability changes presented in the survey, (50, 51) we included a practice tutorial. The first question was a choice between two types of eggs, one of which was safer and less expensive. Seven percent of respondents chose the dominated alternative and were presented with a screen saying they had chosen the less safe and more expensive alternative and were asked if that was the choice they intended. Ninety-one percent of these respondents corrected their choice, leaving only 15 respondents who confirmed a preference for the dominated alternative. We test the effect of respondent numeracy on our results by estimating model 1 (Table IV) separately for the 7% of respondents (n = 204) who initially chose the dominated alternative and for the others. The estimated coefficients are similar in both models, 6 providing evidence that re- 6 For the intercept and the coefficients of primary interest (on log risk reduction, log HRQL, and log duration), the differences in spondents' difficulty in understanding the questions does not affect our main conclusions. We collected data on how long respondents took to complete the survey, which could be related to the attention they directed to it. Respondents who raced through the survey may not have considered their responses carefully and those who took very long (perhaps including a break) may have been more thoughtful or may have been distracted. Lower quartile, median, and upper quartile elapsed times were 25, 35, and 52 minutes, respectively. To explore the effect of time to complete on our results, we estimate model 1 (Table IV) separately for the slowest and fastest quartiles and the complementary subsets. For respondents in the slowest quartile, the estimated coefficient on risk reduction and the intercept are somewhat larger than for the complementary subsample (0.63 compared with 0.48 and 6.27 compared with 4.79, respectively, 2.7 and 3.1 standard errors from the larger subsample). The larger estimated coefficient on risk reduction implies greater sensitivity to the risk change and the larger intercept suggests greater WTP among respondents estimates between the two subsamples are always less than 1.3 times the standard error from the larger subsample. who took more time to complete the survey. For the respondents who took the least time to complete the survey, the estimated intercept is somewhat smaller than for the complementary subset (4.56 compared with 5.43, 1.8 standard errors from the larger subsample), suggesting smaller WTP.
The estimated coefficients for the risk attributes may be biased by failure to control for unobserved individual characteristics. We test for this bias by taking advantage of the fact that most respondents value two health-risk reductions, which allows us to estimate a regression model describing the difference in WTP for the two risk reductions as a function of the differences in probability, severity, and duration of the illnesses valued. Using Equation (2), the difference in the logarithm of WTP to reduce each of two health risks is given by:
where r 1 − r 2 is the difference in the reduction in probability of illness between the first and second health risks, h 1 − h 2 is the difference in the decrement in HRQL while ill, and t 1 − t 2 is the difference in illness duration. The bounds on the intervalcensored dependent variable are calculated from the bounds on the WTP for each risk reduction. Any individual-specific error term and fixed respondent characteristics in Equation (2) cancel when deriving Equation (3) . Estimates of Equation (3) are shown as model 12 (Table V) . The estimated coefficients are similar to the estimated coefficients in model 1 (Table IV) , providing evidence that unobserved individual characteristics do not affect our main conclusions. However, the estimated coefficients for the conditional mortality risks are larger and, in the case of the larger risk, marginally significant (p = 0.091). The estimated VSLs are $7.2 and $51.2 million for the larger and smaller mortality risks, respectively.
Value per Statistical Case of Foodborne Illness
Table VI reports estimates of the value per statistical case of foodborne illness stratified by the severity of symptoms, duration of illness, and conditional mortality risk. The estimates are calculated using model 1 (Table IV) to predict median WTP of the sample-mean respondent for each risk reduction and dividing by the mean reduction in probability of illness (i.e., log(WTP) is predicted by summing the products of each coefficient with the value of the cor- allocating conventional estimates of VSL over life expectancy (typically less than $500,000. (56) ). Because WTP varies less than proportionately with the decrement in HRQL and duration of illness, the average WTP per QALY is smaller for the cases with more severe symptoms and longer durations. In addition, because estimated WTP is not sensitive to conditional mortality risk the average WTP per QALY is smaller for cases with greater mortality risk.
CONCLUSION
In a survey of the U.S. general adult population we estimate WTP to reduce risk of acute foodborne illness of one to seven days' duration and ranging from mild discomfort to symptoms requiring hospitalization. We find values per statistical case of $4,500 to $6,500 that vary little with duration and severity. Estimated WTP to reduce the risk of illness increases with, but is less than proportional to, illness severity and duration. WTP is estimated to be more sensitive to severity of the illness (measured by loss in HRQL) than to duration, with elasticities of about 0.2 for severity (0.3 corrected for endogeneity) and 0.1 for duration. Previous studies have also found that marginal WTP decreases with duration of illness avoided, (13, 18, 19) but some studies have found that marginal WTP increases with severity. (18, 19) Our results suggest that individuals do not have a constant WTP per expected QALY gained by avoidance of short-term morbidity. Rather, marginal WTP per expected QALY is a decreasing function, consistent with theory. (27) This implies that estimates of WTP to avoid nonfatal health risk based on multiplying the corresponding loss in QALYs by a constant monetary value per QALY are not valid. Moreover, our results suggest that while WTP to reduce morbidity risk is an increasing function of severity and duration of the illness to be prevented, WTP is more sensitive to severity than to duration, and so WTP cannot be represented as a univariate function of expected QALYs gained. Further research should examine whether these results may be generalized to illnesses of longer duration.
This study provides empirical support for the claim that individual WTP per QALY depends on the quantity of expected QALYs. Hence economic analyses that rely on a single WTP-per-QALY value to estimate the value of an endpoint for which direct WTP estimates are unavailable or to estimate population gains in health are inconsistent with economic welfare theory. Moreover, cost-effectiveness analysis using QALYs is inconsistent with benefitcost analysis. The results of these analyses can imply different conclusions about appropriate policy choice and should be defended on nonwelfarist or other grounds. (57−59) 
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APPENDIX
The table below summarizes the differences between the Superior Safety System chicken and the standard chicken. Please consider which type of chicken you would buy for a meal that only you would eat. Remember that the extra money you spend for a meal with Superior Safety System chicken is money that you could no longer spend on other things you might want or need. Whether you eat the Superior Safety System chicken or the standard chicken, if you get sick:
• You will have an upset stomach, fever, and will need to lie down most of the time. You will be tired and will not feel like eating or drinking much. Occasionally, you will have painful cramps in your stomach. In addition, you will have some diarrhea and will need to stay close to a bathroom. While you are sick, you will not be able to go to work or do most of your regular activities.
• You will have these symptoms for three days.
• There is 1 in 10,000 chance that you will die from this sickness.
